Objective: Primary progressive aphasia (PPA) results from an asymmetric degeneration of the language dominant (usually left) hemisphere and can be associated with the pathology of Alzheimer disease (AD) or frontotemporal lobar degeneration (FTLD). This study aimed to investigate whether the anatomic distribution of TDP-43 inclusions displayed a corresponding leftward asymmetry in a patient with PPA with a mutation in the progranulin gene and FTLD pathology.
Dementias can be classified by phenotype, according to the nature of the most salient cognitive or behavioral impairment that disrupts daily living activities. 1 The most readily recognized phenotypes are those characterized by predominant amnestic, aphasic, visuospatial, or behavioral impairments. Each of these clinical dementia profiles is associated with distinctive and phenotypically concordant sites of peak atrophy and hypometabolism. Examples include the relatively selective hippocampo-entorhinal atrophy in the amnestic dementia of typical Alzheimer disease (AD), frontotemporal atrophy in the behavioral variant of frontotemporal dementia (bvFTD), occipitoparietal atrophy in the visuospatial syndrome of posterior cortical atrophy (PCA), and left perisylvian and temporal atrophy in primary progressive aphasia (PPA).
Dementia phenotypes have preferred but not unique neuropathologic correlations. The same clinical profile, and its corresponding distribution of atrophy, may be associated with several neuropathologic entities, each characterized by a distinctive set of abnormal protein aggregates. In contrast to the extensively investigated relationship between atrophy patterns and phenotype, the relationship between the distribution of these aggregates and the clinical phenotype is poorly understood, especially in the frontotemporal lobar degenerations (FTLD). This is the question we addressed in a case of PPA caused by a mutation in the progranulin gene, and where the postmortem examination showed abnormal aggregates of the TAR DNA binding protein (TDP-43).
METHODS Case material. Tissue was analyzed from a member of the PPA3 family (patient B) in which a progranulin (PGRN) mutation is associated with familial PPA. 2 The patient, a right-handed woman, had presented with complaints of depression and dizziness followed by progressive impairments of word finding. Her speech was described as markedly anomic. She was unable to write a full sentence. Runs of fluent speech could alternate with dysfluent runs, interrupted by numerous word-finding pauses. Category fluency was reduced, but confrontation naming was initially intact. Intermittent language comprehension deficits were noted 1 year after onset. Personality, memory for events, and daily living activities were described as normal during the first 18 to 24 months. No face or object recognition deficits were noted. A mild right-hand tremor was present at the onset and progressed to a state of clumsiness and rigidity on the right side. The diagnosis was PPA because aphasia was the most prominent feature of the clinical picture. MRI, obtained early in the disease, reported "atrophy" but was not available for more careful examination. An EEG revealed asymmetric left temporal rhythmic delta.
She died at the age of 67 years, 5 years after onset.
Histologic evaluation. Immunohistochemical evaluation
from formalin-fixed, paraffin-embedded tissue was performed using antibodies to ␤-amyloid, tau, ubiquitin, and TDP-43. TDP-43-positive neuronal intranuclear inclusions (NIIs), neuronal cytoplasmic inclusions (NCIs), and dystrophic neurites (DNs) were quantified.
Inclusions were quantified at 600ϫ magnification in 7 brain regions bilaterally, in 5 parallel sections (thickness 3 m) per region, with a modified stereologic analysis using the Stereo Investigator performed by an observer blinded to hemispheric laterality. Regions included bilateral superior temporal gyrus (STG; mid-BA22), inferior temporal gyrus (ITG; posterior BA20), anterior and posterior parts of inferior parietal lobule (AIPL and PIPL; BA39 -40), entorhinal cortex (EC), dentate gyrus (DG), and orbitofrontal cortex (OF; approximately mid-BA11).
Statistical analysis.
Counts per slide based on 5 parallel sections were analyzed applying analysis of variance.
RESULTS
Neurofibrillary tangles were sparse and present in the EC only, consistent with Braak stage I. The density of neuritic plaques was low to moderate. The combination of tangle and plaque density did not meet diagnostic criteria for AD. 3 TDP-43 inclusions distribution was of Mackenzie type 1, 4 Sampathu type 3. 5 The table lists the regional density of NCIs, NIIs, and DNs. The largest differences between left and right sides were present in language-related regions: inferior parietal lobule (e.g., up to fivefold difference for NIIs) and superior temporal gyrus (e.g., up to sixfold difference for DNs). The counts of inclusions in the posterior inferior parietal lobule (for NCIs), anterior inferior parietal lobule (for NIIs), and orbitofrontal cortex (for NIIs) were higher on the left compared to the right side ( p Ͻ 0.05). When counts from language areas were combined (AIPL, PIPL, and STG), dystrophic TDP neurites showed higher values ( p Ͻ 0.001) on the left when compared with homologous regions on the right. We also found that the abnormal TDP deposits in neocortex were more numerous than those in the memory-related areas (entorhinal cortex and dentate gyrus, p Ͻ 0.01) and that there were no lateral asymmetries in the latter. The figure demonstrates total count differences between left and right side in each region.
DISCUSSION
In a previous investigation of 4 patients with PPA with AD histopathology, we conducted a semiquantitative determination of NFT and amyloid plaques. In contrast to the typical amnestic phenotype of AD, where the NFT densities are highest in memoryrelated parts of the brain such as the hippocampoentorhinal complex, 6 we found no clear relationship between the clinical picture and the distribution of ADrelated markers. In this small sample, there was no consistent leftward asymmetry in the density of amyloid or NFT, and the density of NFT in the hippocampusentorhinal complex was much higher than in languagerelated cortical areas despite the nonamnestic but aphasic PPA phenotype. 7 Furthermore, in vivo amyloid imaging of patients with PPA with suspected underlying AD has not revealed asymmetric amyloid binding despite the asymmetric dysfunction associated with the aphasia phenotype. 8 This lack of concordance is somewhat surprising given the fact that other atypical AD variants with prominent frontal or visuospatial impairments do show NFT distributions that favor the ana-tomic substrates of the major deficit. 7 In contrast to the poor anatomic relationship between the histopathologic deposits and the aphasic phenotype in patients with PPA with AD pathology, the patient with PPA in this report demonstrated a distribution of abnormal TDP-43 deposits that was clinically concordant with the aphasic phenotype, namely leftward asymmetry and greater concentration in language-than memoryrelated parts of the brain. This case shows that the abnormal TDP deposits in FTLD are closely related to the distribution of the neurosynaptic dysfunction and to the resultant clinical phenotype. It is also known that the same progranulin mutation can cause bvFTD in one family member and PPA in another. 9 It will be interesting to see if the TDP aggregates in the bvFTD phenotype will show preferential concentration in frontotemporal cortex.
The results of our previous investigations on patients with PPA with AD pathology and the analysis of this case with FTLD-TDP suggest that the relevance of disease-specific inclusions to the aphasic phenotype of PPA is much tighter in cases with a postmortem diagnosis of FTLD-TDP than in cases with a postmortem diagnosis of AD.
Figure
Total TDP-43 counts per cubic milliliter (neuronal cytoplasmic inclusions, neuronal intranuclear inclusions, and dystrophic neurites) bilaterally in 7 brain regions *p Ͻ 0.05. AIPL ϭ anterior part of inferior parietal lobule; DG ϭ dentate gyrus; EC ϭ entorhinal cortex; ITG ϭ inferior temporal gyrus; OF ϭ orbitofrontal cortex; PIPL ϭ posterior part of inferior parietal lobule; STG ϭ superior temporal gyrus.
